Kleczkowski explained by showing that antibodies form complexes with other proteins in the heated serum and in doing so change their behaviour. Thus, although such complexes formed with albumin still combine speci fically with their antigens, they do not precipitate the antigens with which they combine and complexes containing antibodies to plant viruses no longer specifically neutralize the infectivity of the viruses; also the complexes do not fix complement, implying that this process demands more than the combination between antigen and antibody. The only difference between the behaviour of antisera to O and H antigens is the greater heating needed to prevent the precipitation of H antigen. This he showed was because, until the heated sera lost all its specific reactions, they contained mixtures of unchanged and complexed antibody, and the complexed antibody inhibits precipitation of the antigen by unchanged antibody. This inhibition is much greater with O than with H antigens, which are precipitated by combining with much less antibody than is needed to precipitate O antigens. T hat the differences between the serological behaviour was determined solely by the state of the antigens, he later amply confirmed by demonstrating that all features characteristic of H-and O-type behaviour were obtainable with one antiserum to tobacco mosaic virus, by using as antigen intact virus in one set of tests and disaggregated virus protein in another.
Further evidence that the differences between the two types of antigen reflect the greater solubility of O antigens, and so the need to block more hydrophilic groups with antibody before they precipitate, came from heating antigens with serum albumin. All the antigens he used, serum globulin, tomato bushy stunt virus and tobacco mosaic virus, formed complexes with the albumin, but whereas the complex with the H antigen, tobacco mosaic virus, was still precipitated by its antibodies, the complexes with the other two were not, but behaved similarly to non-precipitating haptens, combining specifically with antibodies but remaining in solution. However, their behaviour differed greatly from such haptens when they were injected into animals, because they produced antisera seemingly identical with those produced by injecting normal globulin or tomato bushy stunt virus. The complexes fixed complement as readily as did unchanged antigen, showing that this serological reaction is independent of the formation of insoluble material. T hat the combination of tomato bushy stunt virus with albumin, and not any irreversible change in the virus, was responsible for the hapten like behaviour, he demonstrated by hydrolysing the albumin with pepsin, which has no effect on the virus, when the virus again precipitated with its antiserum.
The mechanisms of the precipitation and other serological reactions remained a lasting interest of his and were a major stimulus to his many studies both of the interactions between different proteins and of the factors responsible for proteins coming out of solution. Although his work extended into many other kinds of work with plant viruses, bacteria and bacteriophage, he always returned to studying the interactions between antigens and anti bodies whenever he chanced on a technique that promised to change them in ways that might throw light on their behaviour.
Photobiology
From 1952 onwards, Kleczkowski became increasingly engaged in photo biology. His interest was aroused by the phenomenon of photoreactivation, discovered by Kelner in work showing that the proportions of conidia of Streptomyces griseum, or cells of Bacterium coli, that survived and grew after exposure to ultraviolet radiation were increased by illuminating the cultures with visible light. With various colleagues, Kleczkowski sought and demon strated the phenomenon with systems as diverse as plant viruses, bacterio phage, and leaves, and applied the phenomenon to gain information about the stages in the initiation of infection by plant viruses. The work with leaves also cast doubt on the interpretation of results by previous workers who had irradiated leaves and assumed that the decrease in number of lesions solely reflected the inactivation of virus particles. It not only showed that doses of irradiation that seemed harmless to leaves afterwards kept in the light were damaging, because the epidermal cells died when the leaves were kept in darkness, but also that irradiation affected the capacity of leaves kept in the light to support infection. During the period in the light while the leaves were repairing the damage caused by the ultraviolet radiation, they were immune to infection by inocula that caused many lesions in unirradiated leaves; after photoreactivation, leaves were often more susceptible than controls that had never been irradiated.
Irradiated plant viruses, or bacteriophages, were not directly affected by visible light, but photoreactivation depended on a light-sensitive system in the host. Thus, although exposing irradiated preparations of plant viruses to visible light did not increase their infectivity, they caused proportionally more infections in inoculated leaves that were kept in daylight after inocula tion than in leaves kept in darkness. Different viruses showed the phenomenon to different extents and tobacco mosaic virus was exceptional in not showing it at all. This suggested that either the nucleic acid of tobacco mosaic virus differed from the others in not undergoing photoreactivable changes, or that it was combined differently with its protein, so that the combination protected it from undergoing such changes. After methods had been developed by others for obtaining infective preparations of the virus nucleic acid, Kleczkowski demonstrated that it was combination with the protein that prevented photoreactivation; this he did by showing that irradiated free nucleic acid produced more lesions in inoculated leaves kept in daylight than in darkness, whereas free nucleic acid isolated from irradiated whole virus was still not photoreactivable. Latterly, he also obtained evidence suggesting that the reversible change in tobacco mosaic virus responsible for photoreactivation may be the formation of pyrimidine dimers of the cylobutane type, because he detected these in irradiated preparations of the nucleic acid but not in nucleic acid obtained from irradiated whole virus.
Using the phenomenon of photoreactivation, he also approximately timed some initial stages in the infection process by potato virus X, and provided circumstantial evidence for the concept of a first step being the separation of the virus nucleic acid from its protein coat. This was done by exposing plants to visible light for different periods after inoculation with suitably irradiated virus. Whereas a period of at least 30 minutes was needed before photoreactivation began to operate, after this time only 15 minutes was needed to give almost full photoreactivation; the sensitive state was main tained for less than an hour, when photoreactivation was no longer obtained, presumably because the particles had become irreversibly inactivated. Evidence that this sensitivity begins when the virus particles in the leaves separate into protein and nucleic acid came from his further experiments with irradiated nucleic acid, because with this as inoculum photoreactivation operated immediately after leaves were inoculated and ended within an hour or so.
Kleczkowski showed that irreversible inactivation caused by ultraviolet radiation is not a second stage following the photoreactivable damage, but that the two are independent processes. He further showed that loss of infectivity by virus particles results solely from damage to the nucleic acid, but that the protein in different particles protects the nucleic acid to different extents. Thus in some it offers no protection, and the action spectrum for inactivation of these is the same whether the virus or its nucleic acid is irradiated, but with others the protein affords considerable protection against some wavelengths and the action spectra of the virus and of its nucleic acid differ greatly.
As in his work in serology, the value of his work in photobiology was much enhanced because he studied such diverse systems, not only a range of plant viruses and a bacteriophage, but also enzymes and, inevitably, antibodies and antigens. His results from irradiating antisera roughly paralleled those from heating; the partially denatured antibodies formed complexes with albumin that combined specifically with antigens but did not precipitate them. Affecting the serological behaviour of antigens required massive doses of ultraviolet compared to those required to destroy the infectivity of even the most resistant virus, indicating the large safety margin when irradiated preparations are used as vaccines, and much more than to destroy the specific activity of enzymes. With an O-type antigen, human serum albumin, irradiation first made it unable to be precipitated by its antibody and then destroyed its ability to combine with antibody, whereas with the H-type tobacco mosaic virus, ability to combine and be precipitated were lost simultaneously. Before the serological activity of either type of antigen was destroyed, their structure was greatly changed and electron microscopy of tobacco mosaic virus showed that particles broke, apparently at places where the protein subunits were changed in ways that no longer allowed them to conform to the structure of the particles, so they fell away.
Other interests
Kleczkowski provided new knowledge about too many features in the infection process by plant viruses and Rhizobium bacteriophage, to their inactivation and to the nature and behaviour of inhibitors of infection, to recount them all here, but any account of his work would be incomplete without paying tribute to the contributions he made to statistical designs of tests for assaying viruses and to interpreting the results of infectivity tests. Applying his unusual mathematical ability for a biologist, he first developed ways of transforming numbers of local lesions into values that are normally distributed and so suitable for the tests of statistical significance, and then an elegant method for testing the compatibility of lesion counts with different hypotheses, by which he showed the fallacy of the widely held idea that infection occurs by the chance encounter between single virus particles and infection sites of a uniform susceptibility. There is every reason to suppose that, had he done as his parents and school teachers wished and entered Cracow University to read mathematics, he might well have become an eminent mathematician. As it was, he applied these skills profitably to many biological problems, and also got much pleasure from the abstruse mathe matical problems he engaged in as a hobby.
His list of publications shows that he collaborated successfully with many different people and, indeed, could hardly have worked with so many biological systems had he not done so. However, his collaborators usually gained more than they gave to the collaboration, for with his wide knowledge, shrewd judgement, mathematical ability and many technical skills, there were few problems to which he could not make valuable contributions. He was a delightful colleague, never self-seeking, but always cooperative and helpful. However, his innate kindliness did not prevent him from being a stern critic of shoddy work. He revelled in experimenting and enjoyed work in the laboratory that many people would regard as chores. Thus, although he welcomed collaborators, he had no use for assistants, preferring himself to prepare any materials he needed, to operate any necessary machines, and to do his own measurements and calculations. New phenomena or new interpretations of phenomena thrilled him, and only one of his many qualities that made him such an admirable colleague was that he could be as excited and interested in other people's discoveries as in his own. Unex pected in one otherwise so modest and unassuming was his passion for fast cars and motoring.
The idealism that showed in his early desire to practise medicine never left him, but developed into designing social systems where people would live free from strife, poverty and discrimination. Admirable in theory, his schemes all overlooked the fact that most people are not as co-operative, reasonable and unselfish as he was.
I am indebted for some of the information in this Memoir to Mrs Kleczkowski, who collaborated with him in all his work on Rhizobium bacteriophage. They had one child, Helen, who is reading psychology at Southampton University. 
